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TECENICAL NOTE NO. 1278

EXEEREMENTAL DITERMINATION OF THE DAMZING iNlRGEﬁu
ARD ATLERON ROLLING EFFECTIVENESS OF THREE
WINGS HAVING 2°, 420, AND 62° SWEEPBACK

By Charles V. Bennett and Joseph L. Johnson
SUMMARY

Tests have besn mads Lo determ“ne ths. dewping in roll and
the aileron rolling sffectiveness of three wings haVing 20, 420,
and 62° sweepback. The wing.with 2° sweepback had en aspect
ratio of 10 and tlie wings witi 420 and 620 sweepback, which were
obtained. by roteting the pamele of the, wing with .2° sweepback
about the 0. ,O»root—chord point while the length of the 0.50—chord
ling-was held conetant, had sspect ratios of 5.9 and 2. 5, respec— .
tively. Al wings had taper ratios of 0.5.

The resulte of the investigation showed ,that the values of
damping in roll decreesed with increasing: sweepbaak An approximate
estimate of this reduction over the .linegr range, of .1ift ccefficient
can be obtained by multiplying the straight~wing valve of ‘damping
in.roll by the cosine of the.sweepback angle.. The demping in roll
for all three. yings. decreased with 1ncreasing lift cosfficient.
Increasing the emount of sweepbéck reduced the tendency toward
instebility in rolling as the meximum 1ift was approached.. Increasgsing
the amount of sweepback increased the’ aileron deflection ‘required
To produce. a given value of the helix angle generated by, the wing tip.

INTRODUCTION . -

Experimental and theoretical work has shown that the critical
speed of aircraft can be increased considerably by employing large
amounts of wing sweep. At the present time 1ittle experimental or
theoretical data on the rotary damping derivatives of highly swept
wing plan forms exist. Because these derivatives are essential in
the theoretical determination of the dynemic stabllity snd control
cheracteristics of aircraft, an experimental investigation to
determine these derivatives for swept wings is being conducted in
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the Langley 15-foot free—spinning tunnel. 1In the first part of
this investigetion, meesurements are being mede of the damping—in-roll
derivative.

Presented in this paper are the resulis of the experimental
investigation made to determine the values of damping in roll for
three wings having 20, 420, and 62° sweepback. Alsoc presented
are the results of tests made to determine the rolling effectiveness
of ailerons on these wings.

SYMBOLS

S wing area, asquare fest

v airspeed, feet per second

b wing spen measured perpendiculer to plane of symmetry, feet

¢ wing chord paral;el to plans of symme%ry, feet

<] mean aerodynemic chord parallel to plane of symmetry, feet

A engle of sweepback of the quarter—chord line of the wing,
degrees

X taper ratio '(ct/cr)

o angle of attack, degrees

8, total aileron deflection, degrees (sum of deflections of
right and left ailerons, equal up and down)

q dynamic pressure, pounds per square foot

h'g perpendicular distance from plane of symmetry to
center—of~load distribution on one semispan, feet

A aspect ratio (b%/S

CL 1ift coefficient Ltgi

drag coefficlent (2LER
o e | (qs>
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Cp pitching-moment coefficient measured sbout G/L
Pitching moment
qS¢e
Cz ' rolling-moment coefficient (Rollin;bggmenﬂ
s} .
pb/2V  helix angle generated by wing tip, radians
3¢
Cy damping—-in—roll parameter -—% ;5 rate of change
P =2
2V
of rolling-momsnt coefficient.with helix angle
generated by wing tip :
QLm slope of 1lift curve, per degree |
N chenge in angle of '‘attack at center—of-loasd distribution
on one semlispan reésulting from rolling, degrees
A0y, incremental 1ift ccefficlent resuliting Trom rolling

Gza rolling~mcement coefficient per degree deflection of one
a .

glleron g%i . /

Subscripts:

r root

t tip

A sweepback angle, degrees

APPARATUS AND TEST CONDITIONS

The demping tests and allsron-rolling-effectiveness tests
were made in the Langley 15-foot free—spinning tunnel (reference 1)
on a special stand which was free in roll about the wlnd axis.
A photograph of the stand as set up for rotation tests is shown
as figure 1 and figure 2 is a sketch of the stand as set up to
msasure rolling moments with a calibrated torque rod. These tests
vwore made at & dynamic pressure of 2.8 pounds per square foot which
corresponds to test Reynolds numwbers of 163,000 for the wing with
20 sweopback and 326,000 for the wing with 620 sweepback, based on
thelr respective mean aerodynamic chords.
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Values of the damping-in-roll parameter C, were obtained for

each wing through & range of angles. of attack which covered a 1lift-
coefficlent range from swell poslitive 1ift coefflalents to maximum
1ift coeflficient. For each wing, alleron-rolling-effectlivensss
tests were also made to determine the ailleron deflection roqulred
to produce rates of rctation corresponding to values of pb/2V of
0.05 and 0.10 through ranges of 1lift coefficients from 0,23 to 1.1k,
0.04 to 0.95, end O to 0.76 for the wings with 2°, 42°, and 62°
gweepback, respectively. In addltion, static aileron rolling
moments, covering these lift-coefficient ranges, were determined
for sach wing. -

Force tests to determine the 1ift, drag, and pitching-moment
characteristics of the wings wers made on the Langley free-flight-
tunnel balance (reference 2) at a dynesmic pressure of 3.0 pounds
per square foot.

The three straight-taper wing models (M = 0.5) used in the
tests had 20, 420, and 62° sweepback of the quarter chord and
aspect ratios of 10, 5.9, and 2.5, respectively. The wings with
420 and 62° sweepback were cobtained by rotating the panels of the
wing with 2° sweepback ebout ths 0.50-root-chord point while the
length of the 0.50~-chord line was held constant and cutting the
wing tips off parallel to the wind stream. ' Thus all the wings
hed approximately the same area (2.5 sq £t). Each wing was
equipped with 0.30-chord plain ailerons. Geometric characteristics
of the wings, including the spanwise location of the allerons, are
given in figure 3.

METHOD

The damping in roll of the wings was obtained from steady=-
robation tests on the roll stand and static rolling-moment tests.,
The stand and wing rotation was obtained by deflecting the vene

(@ in fig. 2). In steady rotation, the forcing moment was

essumed to be equal to the damping moment and of opposite sign.,

By recording the rate of rotation for vane setiings of 20°, 30°,
-20°, and. ~-30°, the damping in roll of the stand and wing cambina-
tion and of the stand alone were determined., The vane settings
used gave values of pb/2V from spproximately 0.0k to 0.07 for
the wing with 2° sweepback and from approximately 0.07 to 0.24 for
the wings with 420 and 62° sweepback. In order to determine the
demping of the wing alone, the damping of the stand was subtracted
from the damping of the stand end wing ocombination for eny glven
rate of rotation. . :
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For determining the aileron rolling effectiveness, the allerons
were adjusted to obtaln vealuves of pb/2v of 0.05 and 0.10 for each
wing. The total aileron settings for positive and negative rotatim
wvere avsraged to give the total effective aileron deflection required
for the desired rate of rotation. At sach rate of rotation the
damping moment of the stand was neutralizsd by setting the fin to
produce an equal and opposite moment

RESULTS AND DISCUSSION

The results of all tests are presented in figures 4 to 7. In
figure 8 the data are summarized and compared with values calculated
by the simplifiled theory for swept-~back wings, which was verified
experimentally in reference 4. Since the sweepback in the present
investigetion was obtained by pivoting the semispan of a given wing
about an axis in the plene of symmetry, the theory may be used in
the basic form without the aspect—ratlio corrections required for
the experirmental data of reference L.

The results of the tests to determine the 1ift, drag, and
pitching moment of the wings are shown in figure 4. These data
indicate that the lift—curve slope decreases with increasing
sweepback angle. The simplified thsoretical treatment of
reference 4 showed that CL varied with sweepback as cos A.

o

The experimental and calculated values of ¢

L(I

tested are presented in figure 8(a) and show good agreement.

for the wings

The results of the damping—in-roll tests are shown in figure 5.
The data indicate that sweeping the wing back reduced the damping
in roll and that the damping in roll for a given wing decreased
gradually over the linear portion of the 1lift curve (up to C, = 1.0

for the wing with 20 sweepback and up to G, = 0.6 for the wings

with 42° and 62° sweepback). Beyond the linear portion of the 1lift
curves, as the maximum 1ift was approached, the wing with 2° sweepback
showed & rapid reduction in damping in roll and above the imum

1ift coefficient,a marked instability in damping in roll (posi-

tive Czp . The wings with 420 and 620 sweepback showed an irregular
decrease in CZP beyond the linear portion of the lift curve and

retained a small amount of damping up to an angle of attack of 36°.
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A reduction in Cz with sweepback for wings having the

seame basic wing panels would be expected from a simplified
trestment of the theory of swept-back wings. The demping rolling
moment produced during rol’ing results from the asymmetric 1ifs
distribution along the span, such that, for any wing

. 3¢y '_ B(ACL %)
T8 )

BMCL

(®)

For the swept-back wings, reference b and the experimental data
of figwre 8(a) show that CL veries as cos A} by geometry D

can he shcown to very as cos A eand y 1s assumed to vary epproxi-
mately as cos A so that the ratlio y/b remaing approximately
constent. Tho effective lncremental angle of attack resulting from
rolling Aa, Iin degrees, cen be expressed by the equation

na = 57.3 5L 2 (2)

Since the ratio y/b is arsumed to be constant, if pb/ev s
held constant with sweepbuck, then

AooA = (Aoo)A=O - (3)

If thess relationships are substituted in equation (1), the demping
in roll for the swept~back wing CZP can be expressed in terms of

the demping in roll of the stralght wing (CZ ) as
P/ A=0

= 1)y o0 2 ()



NACA TN No. 1278 7

Figure 8(b) presents a comperison of the calculated and
experimental values of - CZP gt & representative 1ift coefficlent

(0.3) in the linear portion of the 1ift curve. Although the
calculated values for the swepb-back wings predict slightly more
damping than was obtained experimentelly,it appears that equation (4)
mey be used as an approximate estimate of the damping of swepb-

back wings when sweep is obtalned by rotating the wing panels aboutb
an axis in the plane of symmetry perpendicular to the chord line.
The experimentel wvalue of CZP obtained for the wing with 2°

sweepback is in good agreement with the theoreticel value of CIP

obtained from reference 5.

The meesured stabic aileron rolling moments for the wings
tested ere presented in figure 6. Thess data indlcate that with
increasing sweepback greater aslleron deflections are regquired to
produce a given rolling moment. The alleron deflection required,
for any sweepback, remains essentially comstant over the linear
portion of the 1lift curve. Reference 4 indicated that the aileron
effectiveness of a swept-back wing was reduced as cos®A. Figure 8(c)
shcws that this reletionship holds reesonably well for wings with
2% end 42° sweepback. The data for the wing with 62° sweepback are
also presented in figure 8(c) but since the location of the ailerons
on this wing is not the seme as the location of the allerons on the
v(vings with 2)° emd 42° sweepback the data are not dlrectly comparable.

See fig. 3.

The results of tests to determine the alleron deflections
required to produce values of pb/2V of 0.05 and 0.10 are presented
In figure T with caleculated values of the alleron deflections
required. The calculated aileron rolling effectiveness was obtained
from the damping-in-roll debta of figure 5 and the static aileron-
rolling-moment dete of figure 6. The data of figure 7 show theb
as the sweepback wes increaged greater alleron deflections were
required to produce a given valus of pb/2V.

The date of figure T show that for the wing with 2° sweepback
the experimental aileron rolling effectiveness remained nearly
constant throughout the 1ift range investisated. The calculabted
date are.in falr agreement with the experimental data. Figures 5
and 6 show that for the wing with 2° swesepback the alleron rolling
effectiveness remains constant because the alleron rolling moment
07'55, decreased in sbout the seame ratio as the demping roll GZP

up to meximm 11ft coefficlent. For the wing with 42° sweepback,
the experimentel dete of figure 7 show that alleron rolling
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effectiveness remeined constent up to a 1ift coefficlent of 0.7
end thet from a 1lift ccefficient of 0.7 to 0.95 the eileron
deflection required for a given value of pb/EV' decreaged. The
calculated data verify this reduction since the damping in roll
CZP dcereaged more rapidly than the ailleron rolling moments

Czaa. (See.figs. 5 end 6.) No apperent systematic veristion of

elleron reguired for a glvea velus of pb/2V is noted for the
wing with 62° sweepback. The calculated and experimental values,
howeve?r, are in gualitative agreement.

Figure T shows thet the aillerons could not produce a value
of p‘b/2V of 0.05 neesr meximum 1ift coefficient far the wings
with 42° and €2° sweepback because the aileron rolling moments
approach zero as meximvm 1ift coefficients are reached while
the. wings retain a smoll emount of demping. (See Fige. 5 and 6.)

Tn figure 8(d) the messured and calculated aileron deflections
‘required to prodvce p’b/’ZV' of 0.05 aexre plotted agalnat sweepback
angle. The calculations were based on the following relatlonship:

C A
5, =E2 B b Cip g 222
A&V '2.5& ev 07'6\ cos®A
8/ A=0
cr
_ 1
saA ' (aa)l\ﬁo cos A (2)

The experimental data of fi~wre 8(d) are in good agreement with
the calculated velves for the wings with 2° and 42° sweepback.
Date for the wing with 62° sweepback are presented in figure 8(4),
but the data on this wing are not directly camrareble with data
for the winge with 2° and 42° sweepback because the ailerons have
different locations. '

CCNCLUSIONS o -

The results of tests of three wings having 20, )+2°, end 62°
sweepback, with the 420 and 62° sweep obtained by rotating the
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wing panels of the unewept wing sbout an axis 1n the plane of
srmnetry perpendicular to ths chord llne while the length of the
0.50-chord line was held constant, may be swumearized as folleows:

1. Increasing sweepback reduced the damping in roll. An
epproximate estimete of the demping in roll of the swept-back
wings over the linear range of 1lift coefficient was obtalned
by multiplying the stralght-wing value of damping in roll by the
cosine of the sweepbeck an.le. ' : '

2. The damping in roll for all three wings decreased with
Increasing l1ft coefficient.

3+ Increasing the emount of sweepback reduced the tendency
for instability in rolling as maximum 1ift was api-ocached.

L, Increasing the emount of sweepback caused an increase in
the aileron doflection required to produce & given value of hellx
anglo 1b/2vV. |

5. The aileron rolling g¢ffectiveness for the wing with 2°
sweepback rcmained epproximately constent up to the maximwm 117t
cosfficient because the ailercn rolling mcments decreased approxi-
netely in the same rastic asg the demping in woll. For the wing
with 429 gyeerback the eileron rolling effectiveness remasined
constant up to a 1ift coefficient of 0.7, but from a lift coefficient
of 0.7 to 0.95 the alleron deflection required to produce a glven
value of pb/2V‘ decreased because the demplng in :r0ll decreased
fester than the eileron rolling moments. No apparent systemabic
variation with 1ift coefficlent of the alleion required for a
gliven value of b /E.’V' was noted for the wing with 62° sweepback.

6. The rolling effectiveness of the aileron of the swept-back
wings was predicted with fair accuracy from static aileron-rolling-
roment tests and wing-damping tests.

Lengley Memorial Aerocnauticsal. Laboratory
Nationel Advisory Committee for Asronautics
Lengley Field, Va., May 31, 1946
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Pigure 1,- Roll stand with model of wing with 62° sweepback attached,
mounted in Langley 15-foot free~spinning tunnel.
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1 Vane (to produce rolling moment) 6 Pointer (to indicate torque-~rod de-
2 CO.unter'eight flection in static tests)
3 Torque rod {(can be mounted in this 7 Roll mxis
head to measure rolling moment) 8 MNodel support {(can be free in roll
4 Scale (for reading torque-rod de- or restrained by torque rod)
flection in statiec tests) 9 MHounting head (adjustable to desired
5 Supporting ars (mounted to tunnel angle of attack)
wall) 10 Yaw axis

Figure 2.~ Roll bracket used to determine damping in roll
and rolling moments.
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all_wings , Rhode St. Genese 33, perpendicular 1o
0.50 chord Iine. ((For Rhode St Gernese3T awrol see
rererepce 3.)



Fig. 4 NACA TN No. 1278

A o
—— g
_____ 62
2
S )
é‘Q O = = Li- /
S
QS
8 16 psa
6 12
S ’
NI v
S4 8 7t
8,8 o7 |5
2 84 Pk
@ - R d-)/ i
Q %
0o 0
NATIONAL ADVISOE¥KS
- 4 | . (I:OMHITTEE FOR JEROiAL

-8 0, 8 /6 p A 32 /4,
Angle of aftack < , deg

Agure d—variaiion  of /17, Qrag, and slkINg Characler/sncs
W ange oF aifack OF [rde sKeprback wings as obtained
rorm JESs i Langley rvee-rlghr fvmnel g=30 .



NACA TN No. 1278 Fig. 5

D O i

Zaynpif)g-in-roll parameres; Cro
A

.1
1))

ho

Danonpg -77 -/ol! pararcrer: Cpo

-6

A ey
— 00—/
—O—<2
—-—O---62
T
U/[757‘able
)
’%—'_ - . 5
T ‘<'>-“"‘0'<>’,7, - /
,// Sfob/e_|
/’O-
O " 1
2 0o =2 4 6 8 /0 2
LifF coefrrcient, G
I hY
l‘ \\ UI’)IJTO[‘)/E_
I N
y N J
| B=t~choi- i 0
P
/T/ Jialie
e ] /3 :
04
NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

-& O S 6 & B L 48
- - Angle of oizacK,oc, deg

Floure s —pari/oriorn oF e Oao/g ~1iLol Oararieres
Crp with wg/e of Ql7ack ” a/ia’ 417 coefficren

aS oLrame

770 7851s OF Wags SV

Sweew back angles o 25425 and 62 g=2.8.



NACA TN No, 1278

Fig. 8
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